Polycrystalline perovskite manganites of Pr 0.67 Ba 0.33 MnO 3 bulk ceramic samples were prepared via conventional solid-state reaction. The influence of structure and microstructure towards sintering temperature of the samples were studied. At lower sintering temperature (900°C, 1100°C and 1100°C) other phases such as PrO 2 and BaMnO 3 were detected using XRD and further confirmed with EDX analysis. Furthermore, phase purification and crystal structure transformation was observed in sample sintered at 1200°C and 1300°C respectively. SEM analysis indicated that higher sintering temperature promotes grain growth and densification. Overall, in this paper, phase purification and crystal structure transformation had been observed. Orthorhombic structure is more favorable to form at higher sintering temperature for Pr 0.67 Ba 0.33 MnO 3 .
Introduction
Observation of 'Colossal' magnetoresistance (CMR) in manganites with perovskite structure has generated considerable interest in the physical properties. CMR compound formed in Ln 1-X A X MnO 3 where Ln is trivalent rare earth element and A is doping divalent or monovalent cation [1, 2] . Mn 3+ and Mn 4+ ions coexist if hole doping is introduced by substituting Ln 3+ with divalent or monovalent cations. However, many attempts were done to find the highest sensitivity of the electrical resistivity to the magnetic field at the room temperature which is the most challenge for the application of manganites as magnetic field sensors or movement sensors [3, 4] . In CMR, perovskite blocks are stacks at corner sharing MnO 6 octahedral. For most polycrystalline compound, intrinsic CMR effect which governed by double exchange (DE) mechanism proposed by Zener in 1951 was used to explain the CMR phenomena [5] . It said that the conductivity mechanism occurs between one Mn to another through an intervening O 2of Mn 3+ -O-Mn 4+ long range order. However, DE interaction alone is not sufficient to explain the whole phenomena. It is suggested that lattice distortion due to the Jahn-Teller (JT) effect [6] is used to explain the magnetotransport mechanisms in mixed-valence manganites. JT effect involved in the stretching modes of` Mn 3+ ions which splitting the e g electronic level. Therefore, the bond angle and bond length of Mn 3+ -O 2--Mn 4+ [7] play a crucial role in conducting mechanism. As reported by Yang et al., the DE mechanism weakened due to increase in Mn-O bond length and the decrease of Mn 3+ -O-Mn 4+ angle [8] . Thus, such attractive research had attracted many scientists to find out the relationship between the changes of structure against different sintering temperature [9, 10] . On the other hand, the extrinsic CMR effect [11] , which frequently related to the natural of grain boundaries, is directly influence by the microstructure formation of the grain. Previous studies [12, 13] shown that sintering temperature do affect the grain growth. Hence, in this work, bulk polycrystalline perovskite manganites of Pr 0.67 Ba 0.33 MnO 3 (PBMO) ceramic were synthesized in various sintering temperature.
Experimental Procedure
Bulk PBMO samples were synthesized via solid-state reaction method. High purity (99.9%) starting powder of Pr 6 O 11 , BaCO 3 and MnCO 3 were initially dried at 100°C. The stoichiometric amounts of starting powders are mixed with agate balls and wet milled in acetone (HmbG Chemicals). Wet milled powders were then dried at 100°C and ground in mortar before calcined at 800 º C for 12 hours. Samples were then reground and sieved with 25 µm sieve size before press into disc shape pellets. These pellets were sintered in air at 900 º C (S900), 1000 º C (S1000), 1100 º C (S1100), 1200 º C (S1200) and 1300 º C (S1300) for 12 hours respectively.
Crystal structure of all sintered sample were characterized by X-ray diffraction (XRD) technique (Phillips PW 3040/60 Xpert Pro) with the radiation of CuK α (1.540598Å) in the range of 20-80°. The XRD data were collected in continuous scan mode with the step size of 0.033°. The data were analyzed using Rietveld refinement technique with X'Pert HighsScore Plus software [14] . Meanwhile, Scanning Electron Microscope (SEM, LEO1455 VPSEM) was used to characterize the microstructures accompany by the Energy Dispersive X-ray Analysis (EDX, OXFORD INCA ENERGY 300EDX attached in LEO1455 VPSEM) for its elemental composition analysis. The XRD results obtained were analyzed qualitatively and quantitatively in this study. XRD spectrums of all samples recorded at room temperature are shown in Fig. 1(a) . The patterns show S900, S1000 and S1100 exhibit detectable other phase while S1200 and S1300 are in pure single PBMO phase within the accuracy of measurement. All phases traced, matched the standard Inorganic Crystal Structure Database (ICSD) in X'Pert HighScore Plus software when refined with Rietveld refinement technique. A typical Rietveld refined plot of S1300 is shown in Fig. 1(b) . From refined crystallographic data, the lattice parameters and other fitting parameters of all the samples were computed and tabulated in Table 1 .
Results and Discussions
Qualitatively, it was found that all samples exhibit orthorhombic crystal structure except S1200 which is tetragonal. As sintering temperature reach 900°C and 1000°C, PBMO was detected accompany by BaMnO 3 (BMO) and PrO 2 (PO) phase. Initially, there is some increment in volume of unit cell of all phases due to diffusion. When sintering temperature increased to 1100°C, the disappearance of PO phase was detected. It might diffuse into BMO lattice at the grain surface due to interfacial diffusion to form PBMO which causing atom in the unit cell (PBMO) to reassemble. As sintering temperature further increased, transformation of crystal structure from orthorhombic to tetragonal occurred where a pure PBMO phase of tetragonal crystal structure was observed for S1200 sample. In this state, diffusion of BMO into PBMO might create lattice strain or distortion which directly changed the crystal structure of PBMO and increased the volume of unit cell as well. However, orthorhombic crystal structure seems more preferable for PBMO, it transform from tetragonal into a more stable orthorhombic crystal structure with smaller volume of unit cell when sinter at 1300°C. From previous research, there is a tendency for crystal structure to change with sintering temperature although they having same chemical compound [13] . The atoms in the unit cell probably reassemble themselves to form denser and more stable state. However, no significant changes toward Mn 3+ -O-Mn 4+ bond angle and Mn-O bond length in PBMO although secondary phase was observed except for sample S1200. Due to the transformation of crystal structure which happened in S1200 (tetragonal), the bond angle tilted to 162.9° and 179.972° which quite significantly different as compared to ≈168.61° and ≈163.91° (orthorhombic). Besides bond angle, bond length of Mn-O in S1200 also changed and resulting different bond length of Mn-O. Details of the corresponding values are tabulated in Table 1 . Meanwhile, the intensity of diffraction peaks for PBMO perovskite phase increase as the sintering temperatures increase from 900°C to 1300°C indicating that the crystallinity of PBMO becomes better and the particle size increased as the sintering temperature increased [12] . Quantitatively, Fig. 2 shown the percentage and type of phases contained in each samples after quantified by Rietveld refinement. Sample S900 consist of mixture of PO, BMO and PBMO. At 1000°C, the ratio of this compound changed, where about 8% of PO and BMO compound reacted to each other to form PBMO phase. Further higher temperature (1100°C), more PBMO phase is formed. For S1200, BMO compound had been diffuse into PBMO to form a pure PBMO phase. Hence, this might be the reason of why structure transformation of orthorhombic to tetragonal occurred. At 1300°C, rearrangement of the atom or relaxation might be occurs. Hence, it transformed back to the more favorable orthorhombic structure. From Fig. 3 , samples show porous microstructure with small grain size. It was found that the average grain size from S900, S1000, S1100, S1200 and S1300 samples are in the range of 0.5~1.7µm, 0.6~2.5µm, 0.7~2.8µm, 0.7~3.0µm and 0.8~3.2µm respectively. The increase in sintering temperature promoted grain growth and microstructure densification which yield the grains size to increase [15] . During sintering, particles begin to diffuse among each other and form larger particle which we classified as grain growth. In additional, necking and strong diffusion occur as sintering temperature increased which not allows us clearly differentiate their grain boundary from SEM micrographs. In element composition analysis, EDX technique was performed and selective areas were scanned. Area of selection is based on different grain contrast, shape or size. In fact, different contrast appears due to different density of state as each element having its own atomic number. In addition, uneven chemical composition or different element might result dissimilar grain size or shape. Therefore, 9 areas as illustrated in SEM micrograph (Fig. 4) were selected for EDX analysis. Table 2 and Table 3 compute all the weight percent (%) of the element in the selected area ( Fig. 4 ) for S900 and S1300 respectively. As stated earlier, single phase of PBMO was observed in S1300. This suggestion further confirmed by the EDX analysis where the weight percent of Pr (40.3±0.5%), Ba (19.9±0.4%), Mn (23.7±0.3%) and O (16.1±0.03%) are observed and matched with the stoichiometry chemical composition of Pr 0.67 Ba 0.33 MnO 3 .
X-ray and Related Techniques
Whereas, EDX data for S900 in weight percent as tabulated in Table 2 shows a quite large differences especially in Pr and Ba element. As compared the value in Table 2 , Spectrum 2a shown higher contain of Pr (50.35%) while Spectrum 6a is rich in Ba (27.46%) element respectively as compared to the overall result from the stoichiometry combination in Table 3 . This suggested that in S900, Pr rich compound such as PO phase and Ba rich compound such as BMO phase were coexisting with PBMO phase. 
